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(54) DEVICE AND METHOD FOR COHERENT-TRACKING OF CDMA RECEIVER 

(57) A coherent-tracking device of a CDMA 
receiver, which performs coherent tracking with high 
accuracy and with low noise. The tracking device is pro- 
vided with a demodulation coherent detector which per- 
forms coherent detection by multiplying a received 
spread-spectrum signal by a demodulated spreading 
code replica whose phase is synchronized with the 
received spreading code contained in the received 
spread-spectrum signal, an absolute synchronous 
detector which performs absolute synchronous detec- 
tion of the coherent signal (compressed-back signals) 
from the demodulation coherent detector and demodu- 
lates information data, a tracking coherent detector 
which performs coherent detection by multiplying the 
received spread-spectrum signal by a pair of tracking 
spread-spectrum code replicas having phases shifted 
from the phase of the demodulated spreading code rep- 
lica by ±1/2-chip period, a judgement code correcting 
circuit which reversely modulates the output difference 
(phase error signal) of the tracking coherent detector 
with the output of the absolute synchronous detector to 
remove the information data modulated components 
contained in the error signal, and a spreading code rep- 
lica generator which generates a demodulated spread- 
ing code replica and a tracking spreading code replica 
while controlling the phase by using the error signal out- 
putted from the correcting circuit. 
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Description 

TECHNICAL FIELD 

The present invention relates to a radio receiver in 
mobile communications, and more particularly, to a 
coherent tracking apparatus and method for a receiver 
in a CDMA (Code Division Multiple Access) system 
using spread spectrum. 

BACKGROUND ART 

As is well known, it is necessary for a direct 
sequence receiver to synchronize a replica of a spread- 
ing code generated in the receiver with the spreading 
code in a received spread signal. The synchronization 
process falls into initial acquisition and tracking. 

Fig. 1 is a block diagram showing a conventional 
DLL (Delay Locked Loop) used for the tracking. A 
spreading code replica is generated by a spreading 
code replica generator 1, and spreading codes whose 
phases are advanced and lagged by one chip with 
respect to the spreading code replica are fed to multipli- 
ers 3 and 4. respectively. The multipliers 3 and 4 take 
correlation between these spreading codes and the 
received spread signal. The correlation signals output 
from the multipliers 3 and 4 are passed through BPFs 5 
and 6 which remove spurious high frequency compo- 
nents, and undergo square-law detection by square-law 
detectors 7 and 8. The outputs of the square-law detec- 
tors 7 and 8 are added in opposite phase by an adder 
10 so that the phase error components are extracted 
between the received spreading code and the spread- 
ing code replica. The phase error components obtained 
are passed through a loop filter 11, and fed back to a 
voltage controlled clock generator 1 . Thus, the generat- 
ing phase of the spreading code replica is controlled so 
that its phase matches that of the received spreading 
code. 

In this DLL, the signals after the correlation are 
passed through the square-law detectors to remove the 
residual frequency components of the carrier after the 
quadrature detection, or to remove the modulated com- 
ponents of the information data, which are contained in 
the signals after the correlation. Although this method 
has an advantage that the phase error can be easily 
extracted between the received spreading code and the 
spreading code replica, it has a disadvantage that noise 
and tracking jitter are increased because the noise com- 
ponents are also squared. 

DISCLOSURE OF THE INVENTION 

An object of the present invention is to provide a 
coherent tracking apparatus and method for a CDMA 
receiver, which can achieve high accuracy tracking. 

In a first aspect of the present invention, there is 
provided a coherent tracking apparatus for a CDMA 
receiver for use in a CDMA system that performs multi- 



ple access transmission by transmitting and receiving a 
spread signal, the spread signal being generated by 
spreading a pilot signal of a known pattern and an infor- 
mation data signal into a wideband signal with a spread- 
5 ing code whose rate is higher than a rate of an 
information symbol, the pilot signal and the information 
data signal being alternated at a fixed pilot period, the 
coherent tracking apparatus comprising: 

10 demodulation spreading code replica generating 
means for generating a demodulation spreading 
code replica inphase with a spreading code in a 
received spread signal; 

tracking spreading code replica generating means 

is for generating at least a pair of tracking spreading 
code replicas whose phases are equal to a phase 
of the demodulation spreading code replica plus 
and minus a predetermined value, respectively; 
demodulation correlator means for detecting corre- 

20 lation between the received spread signal and the 
demodulation spreading code replica; 
phase error detection means for extracting the pilot 
signal from an output of the demodulation correlator 
means, and for detecting phase errors of the pilot 

25 signal; 

first delay means for delaying by at least the pilot 
period the information data signal in the output of 
the demodulation correlator means; 
first phase compensator for compensating each 

30 symbol of the information data signal output from 
the first delay means by interpolating the phase 
errors of the pilot signal into a section of the infor- 
mation data signal; 

demodulation means for demodulating each sym- 
35 bol of the information data signal by deciding an 
output of the first phase compensator; 
at least a pair of tracking correlator means for 
detecting correlation between the received spread 
signal and the tracking spreading code replicas; 
40 an adder for adding outputs of the tracking correla- 
tor means in opposite phases to produce a first 
phase error signal; 

second delay means connected to one of an output 
of the tracking correlator means and an output of 
45 the adder for delaying the first phase error signal by 
at least the pilot period; 

reverse modulation means for reversely modulating 
the first phase error signal with an output of the 
demodulation means to remove modulated compo- 
se nents of the information data signal, which are 
included in the first phase error signal, thereby pro- 
ducing a second phase error signal; and 
control means for controlling the demodulation 
spreading code replica generating means and the 
55 tracking spreading code replica generating means 
with the second phase error signal. 

Here, the coherent tracking apparatus for the 
CDMA receiver may further comprise a second phase 
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compensator connected between the tracking correlator 
means and the adder, wherein the adder adds outputs 
of the second phase compensator in opposite phases. 

The coherent tracking apparatus for the CDMA 
receiver may further comprise a second phase compen- 
sator connected between the reverse modulation 
means and the control means. 

The demodulation spreading code replica generat- 
ing means and the tracking spreading code replica gen- 
. erating means may comprise a common voltage 
controlled clock generator. 

The control means may comprise a loop filter for 
supplying the voltage controlled clock generator with a 
control voltage based on the second phase error signal. 

The demodulation correlator means may comprise 
a multiplier lor multiplying the received spread signal by 
the demodulation spreading code replica, and an inte- 
gration/dump circuit for integrating an output of the mul- 
tiplier for one symbol period, and wherein the tracking 
correlator means may comprise a multiplier for multiply- 
ing the received spread signal by the tracking spreading 
code replica, and an integration/dump circuit for inte- 
grating an output of the multiplier for one symbol period. 

The tracking spreading code replica generating 
means may generate a plurality of tracking spreading 
code replicas whose phases are shifted by ±KA from the 
phase of the demodulation spreading code replica, 
where A is a predetermined value and K = .1, 2, ... N, 
and wherein the coherent tracking apparatus further 
comprising: 

selection means for selecting two correlation values 
from an output of the tracking correlator means to 
supply the adder with the two correlation values, the 
two correlation values being taken between the 
received spread signal and a pair of tracking 
spreading code replicas whose phases differ from 
the phase of the demodulation spreading code rep- 
lica by±A. 

The controlling means may generate a third phase 
error signal by averaging the second phase error signal, 
and may command the pilot spreading code replica 
generating means and the information data spreading 
code replica generating means to shift phases of the 
pilot spreading code replica and the information data 
spreading code replica when the phase error signal 
exceeds a predetermined threshold value. 

The selection means may shift selection of the 
demodulation spreading code replica and the tracking 
spreading code replicas in response to a command of 
the controlling means when the controlling means com- 
mands a shift of the phases. 

In a second aspect of present invention, there is 
provided a coherent tracking apparatus for a CDMA 
receiver for use in a CDMA system that performs multi- 
ple access transmission by transmitting and receiving a 
pilot spread signal through a pilot channel, and informa- 
tion data spread signal through traffic channels, the pilot 



spread signal being generated by spreading a pilot sig- 
nal of a known pattern into a wideband signal with a 
pDot spreading code whose rate is higher than a rate of 
an information symbol, the information data spread sig- 
5 nal being generated by spreading an information data 
signal into a wideband signal with an information data 
spreading code different from the pilot spreading code, 
the coherent tracking apparatus comprising: 
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pilot spreading code replica generating means for 
generating a pilot spreading code replica inphase 
with a pilot spreading code in the pilot spread sig- 
nal; 

information data spreading code replica generating 
means for generating an information data spread- 
ing code replica inphase with an information data 
spreading code in the information data spread sig- 
nal; 

tracking spreading code replica generating means 
for generating a pair of tracking spreading code rep- 
licas whose phases are equal to a phase of the pilot 
spreading code replica plus and minus a predeter- 
mined value A, respectively; 
pilot correlator means for detecting correlation 
between the pilot spread signal and the pilot 
spreading code replica; 

phase error detection means for detecting phase 
errors of the pilot signal from an output of the pilot 
correlator means; 

information data correlator means for detecting cor- 
relation between the information data spread signal 
and the information data spreading code replica; 
first phase compensator for compensating individ- 
ual symbols of the information data signal output 
from the information data correlator means by the 
phase errors of the pilot signal, the phase errors 
corresponding to the individual symbols of the infor- 
mation data signal; 

demodulation means for demodulating each sym- 
bol of the information data signal by deciding an 
output of the first phase compensator; 
a pair of tracking correlator means for detecting cor- 
relation between the pilot spread signal and the 
tracking spreading code replicas; 
an adder for adding outputs of the tracking correla- 
tor means in opposite phases to produce a f irst 
phase error signal; 

reverse modulation means for reversely modulating 
the first phase error signal with an output of the 
demodulation means to remove modulated compo- 
nents of the information data signal, which are 
included in the first phase error signal, thereby pro- 
ducing a second phase error signal; and 
control means for controlling the pilot spreading 
code replica generating means, the information 
data spreading code replica generating means and 
the tracking spreading code replica generating 
means with the second phase error signal. 
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Here, the coherent tracking apparatus for the 
CDMA receiver may further comprise a second phase 
compensator connected between the tracking correlator 
means and the adder, wherein the adder adds outputs 
of the second phase compensator in opposite phases. 5 

The coherent tracking apparatus for the CDMA 
receiver may further comprise a second phase compen- 
sator connected between the reverse modulation 
means and the control means. 

The pilot spreading code replica generating means, 10 
the demodulation spreading code replica generating 
means and the tracking spreading code replica generat- 
ing means may comprise a common voltage controlled 
clock generator. 

The control means may comprise a loop filter for 15 
supplying the voltage controlled clock generator with a 
control voltage based on the second phase error signal. 

The pilot correlator may comprise a multiplier for 
multiplying the received spread signal by the pilot 
spreading code replica, and an integration/dump circuit 20 
for integrating an output of the multiplier for one symbol 
period, wherein the demodulation correlator means 
comprises a multiplier for multiplying the received 
spread signal by the demodulation spreading code rep- 
lica, and an integration/dump circuit for integrating an 25 
output of the multiplier for one symbol period, and 
wherein the tracking correlator means comprises a mul- 
tiplier for multiplying the received spread signal by the 
tracking spreading code replica, and an integra- 
tion/dump circuit for integrating an output of the multi- 30 
plier for one symbol period. 

In a third aspect of present invention, there is pro- 
vided a coherent tracking method for a CDMA receiver 
for use in a CDMA system that performs multiple access 
transmission by transmitting and receiving a spread sig- 35 
naf, the spread signal being generated by spreading a 
pilot signal of a known pattern and an information data 
signal into a wideband signal with a spreading code 
whose rate is higher than a rate of an information sym- 
bol, the pilot signal and the information data signal 40 
being alternated at a fixed pilot period, the coherent 
tracking method comprising: 

demodulation spreading code replica generating 
step of generating a demodulation spreading code 45 
replica inphase with a spreading code in a received 
spread signal; 

tracking spreading code replica generating step of 
generating at least a pair of tracking spreading 
code replicas whose phases are equal to a phase so 
of the demodulation spreading code replica plus 
and minus a predetermined value, respectively; 
demodulation correlation step of detecting correla- 
tion between the received spread signal and the 
demodulation spreading code replica; ss 
phase error detection step of extracting the pilot 
signal from an output of the demodulation correla- 
tion step, and for detecting phase errors of the pilot 
signal; 



first delay step of delaying by at least the pilot 
period the information data signal in the output of 
the demodulation correlator step; 
first phase compensation step of compensating 
each symbol of the information data signal output at 
the first delay step by interpolating the phase errors 
of the pilot signal into a section of the information 
data signal; 

demodulation step of demodulating each symbol of 
the information data signal by deciding an output of 
the first phase compensation stepfracking correla- 
tion step of detecting correlation between the 
received spread signal and the tracking spreading 
code replicas; 

adding step of adding outputs of the tracking corre- 
lator step in opposite phases to produce a first 
phase error signal; 

second delay step of delaying the first phase error 
signal by at least the pilot period; 
reverse modulation step of reversely modulating the 
first phase error signal with an output of the demod- 
ulation step to remove modulated components of 
the information data signal, which are included in 
the first phase error signal, thereby producing a 
second phase error signal; and 
control step of controlling the demodulation spread- 
ing code replica generating step and the tracking 
spreading code replica generating step with the 
second phase error signal. 

Here, the tracking spreading code replica generat- 
ing step may generate a plurality of tracking spreading 
code replicas whose phases are shifted by ±KA from the 
phase of the demodulation spreading code replica, 
where A is a predetermined value and K = 1, 2, ... N, 
and wherein the coherent tracking method further com- 
prising: 

selection step of selecting two correlation values 
from an output of the tracking correlation step to 
supply the adding step with the two correlation val- 
ues, the two correlation values being taken 
between the received spread signal and a pair of 
tracking spreading code replicas whose phases dif- 
fer from the phase of the demodulation spreading 
code replica by ±A. 

In a fourth aspect of present invention, there is pro- 
vided a coherent tracking method for a CDMA receiver 
for use in a CDMA system that performs multiple access 
transmission by transmitting and receiving a pilot 
spread signal through a pilot channel, and information 
data spread signal through traffic channels, the pilot 
spread signal being generated by spreading a pilot sig- 
nal of a known pattern into a wideband signal with a 
pilot spreading code whose rate is higher than a rate of 
an information symbol, the information data spread sig- 
nal being generated by spreading an information data 
signal into a wideband signal with an information data 
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spreading code different from the pilot spreading code, 
the coherent tracking method comprising: 

pilot spreading code replica generating step of gen- 
_ erating a pilot spreading code replica inphase with s 
a pilot spreading code in the pilot spread signal; 
information data spreading code replica generating 
step of generating an information data spreading 
code replica inphase with an information data 
spreading code in the information data spread sig- 10 
nal; 

tracking spreading code replica generating step of 
generating a pair of tracking spreading code repli- 
cas whose phases are equal to a phase of the pilot 
spreading code replica plus and minus a predeter- 15 
mined value A, respectively; 
pilot correlation step of detecting correlation 
between the pilot spread signal and the pilot 
spreading code replica; 

phase error detection step of detecting phase so 
errors of the pilot signal from an output of the pilot 
correlation step; 

information data correlation step of detecting corre- 
lation between the information data spread signal 
and the information data spreading code replica; 25 
first phase compensation step of compensating 
individual symbols of the information data signal 
output from the information data correlation step by 
the phase errors of the pilot signal, the phase errors 
corresponding to the individual symbols of the infor- 30 
mation data signal; 

demodulation step of demodulating each symbol of 
the information data signal by deciding an output of 
the first phase compensation step;tracking correla- 
tor steps of detecting correlation between the pilot 35 
spread signal and the tracking spreading code rep- 
licas; 

adding step of adding outputs of the tracking corre- 
lator step in opposite phases to produce a first 
phase error signal; * 40 

reverse modulation step of reversely modulating the 
first phase error signal with an output of the demod- 
ulation step to remove modulated components of 
the information data signal, which are included in 
the first phase error signal, thereby producing a 45 
second phase error signal; and 
control step of controlling the pilot spreading code 
replica generating step, the information data 
spreading code replica generating step and the 
tracking spreading code replica generating step so 
with the second phase error signal. 

The present invention uses one of the I (inphase) 
and Q (quadrature) components of the signal after the 
correlation in the tracking system, and generates the 55 
phase error signal by extracting the phase error 
between the received spreading code and the spread- 
ing code replica. This makes it possible to reduce the 
average noise power by 3dB in comparison with the 



conventional method employing the square-law detec- 
tion. To achieve this even in a fading environment in 
which the received phase varies at random, the phase 
variations of the received signal must be estimated and 
compensated instantaneously so that the modulated 
components of the information data contained in the 
phase error signal are eliminated by performing the 
polar correction using decided data (which will be 
described later). The present invention solves this prob- 
lem by estimating and compensating the phase varia- 
tions with the pilot signals, by obtaining the decision 
data through absolute coherent detection of the phase 
compensated information symbols, and by carrying out 
reverse modulation of the phase error signal using the 
decision data. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing a conventional 
DLL (Delay Locked Loop); 
Figs. 2A, 2B, 3A and 3B are block diagrams show- 
ing a first embodiment of a coherent tracking appa- 
ratus for a CDMA receiver in accordance with the 
present invention; 

Fig. 4 is a block diagram showing the arrangement 
of a pilot symbol phase error extracting/averaging 
block 120; 

Fig. 5 is a diagram illustrating the interpolation of 
the pilot signals into an information symbol section; 
Fig. 6 is a schematic diagram illustrating the track- 
ing timings of the embodiment; 
Fig. 7 is a vector diagram illustrating the principle of 
reducing noise by the coherent tracking in accord- 
ance with the present invention; 
Figs. 8A - 8C are diagrams showing waveforms of 
various portions of the conventional DLL, wherein 
Fig. 8A illustrates the Channel output of the BPF 5 
of Fig. 1 , Fig. 8B illustrates the Q-channel output of 
the BPF 5, and Fig. 8C illustrates the output of the 
square-law detector 7; 

Figs. 9A and 9B are diagrams showing various por- 
tions of the coherent tracking apparatus in accord- 
ance with the present invention, wherein Fig. 9A 
illustrates the output of an integration/dump circuit 
203, and Fig. 9B illustrates the output of a decided 
code corrector 150; 

Figs. 10A, 10B, 11A and 11B are block diagrams 
showing a second embodiment of the coherent 
tracking apparatus for the CDMA receiver in 
accordance with the present invention; 
Fig. 12 is a diagram showing a channel arrange- 
ment in the second embodiment; 
Figs. 13A and 13B are block diagrams showing a 
third embodiment of the coherent tracking appara- 
tus for the CDMA receiver in accordance with the 
present invention; 

Figs. 14A and 14B are block diagrams showing a 
fourth embodiment of the coherent tracking appara- 
tus for the CDMA receiver in accordance with the 
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present invention; 

Fig. 15 is a diagram illustrating a fixed averaging 
method in the fourth embodiment; 
Fig. 16 is a diagram illustrating a floating averaging 
method in the fourth embodiment; and s 
Figs. 17A and 17B are block diagrams showing a 
fifth embodiment of the coherent tracking apparatus 
for the CDMA receiver in accordance with the 
present invention. 

10 

BEST MODE FOR CARRYING OUT THE INVENTION 

The invention will now be described with reference 
to the accompanying drawings. 

75 

EMBODIMENT 1 

Figs. 2A and 2B are block diagrams showing a first 
embodiment of a coherent tracking apparatus for a 
CDMA receiver in accordance with the present inven- 20 
tion. Figs. 3 A and 3B are block diagrams showing the 
first embodiment in more detail. 

In these figures, a received spread signal input to 
an input terminal 15 is led to a quasi-coherent detector 
20. The quasi-coherent detector 20 comprises a local 25 
oscillator 21 . a 90 degree phase shifter 22, and two mul- 
tipliers 23 and 24, and performs quasi-coherent detec- 
tion of the received spread signal with orthogonal two 
signals, thereby producing the I and Q components of 
the spread signal. The I and Q components are passed 30 
through LPFs (lowpass filters) 31 and 32, and then con- 
verted to digital signals by A/D converters 33 and 34. 

The digital spread signal which is A/D converted is 
fed to a correlator (a complex multiplier) 101 in a 
demodulation system and correlators (complex multipli- 35 
ers) 201 and 202 in a tracking system. 

The correlator 101 complex-multiplies the digital 
spread signal by a demodulation spreading code replica 
fed from a spreading code replica generator 300 to 
detect the correlation between them, thereby despread- 40 
ing the digital spread signal. The despread signal 
obtained is integrated by integration/dump circuits 103 
and 104 for one symbol period, and is fed to an auto- 
matic frequency controller (AFC) 105. The AFC 105 
eliminates a stationary frequency offset between the 45 
transmitter and receiver. The frequency offset arises 
from the frequency difference between the carrier fre- 
quency of the transmitter and the oscillation frequency 
of the local oscillator 21 of the quasi-coherent detector. 
The despread signal output from the AFC 1 05 is fed to so 
an information symbol delay circuit 1 10 and a pilot sym- 
bol phase error extracting/averaging block 120, and 
undergoes absolute coherent detection through the fol- 
lowing stages. 

Fig. 4 is a block diagram showing the pilot symbol ss 
phase error extracting/averaging block 120. The 
despread signal output from the AFC 105 is fed to a 
delay detector 121 in Fig. 4. The delay detector 121 car- 
ries out delay detection by carrying out complex multipli- 



cation between the fed signal and a signal obtained by 
delaying the fed signal by one symbol interval, thereby 
eliminating the effect of the phase variations due to fad- 
ing. The detected despread signal is fed to a subframe 
coherent detector 122. The subframe coherent detector 
122 identifies pilot symbols of a known pattern, recovers 
the clock timing of each symbol, and reproduces sub- 
frame timings which are repetition period of the pilot sig- 
nal, thereby generating a symbol synchronizing signal 
and a subframe synchronizing signal. The symbol syn- 
chronizing signal and the subframe synchronizing sig- 
nal are fed to a pilot signal generator 1 23, a pilot symbol 
phase variation estimator 124 and an information sym- 
bol phase error estimator 130. The pilot signal genera- 
tor 123 generates a reference pilot signal of a known 
pattern in phase with the subframe synchronizing sig- 
nal. The subframe coherent detector 122 also supplies 
the despread signal to the pilot symbol phase variation 
estimator 124 and the information symbol phase error 
estimator 1 30. 

The pilot symbol phase variation estimator 124 
compares the reference pilot symbols fed from the pilot 
signal generator 123 with the pilot symbols included in 
the despread signal to detect the phase error, that is, 
the phase difference of the pilot symbols from the refer- 
ence pilot symbols. The fluctuations in the phase error 
due to the variations of propagation paths can be esti- 
mated in real time by performing this operation each 
time the pilot symbol is received. The estimated phase 
errors are averaged in a pilot section, and is fed to the 
information symbol phase error estimator 130. The 
information symbol phase error estimator 130 interpo- 
lates the average phase errors obtained in successive 
pilot sections, thereby estimating the phase error for 
each information symbol. 

Fig. 5 illustrates the phase error estimation of the 
information symbols by the information symbol phase 
error estimator 130, and the phase error compensation 
method of the information symbols by an information 
symbol phase compensator 132. A broken line Pi is 
obtained by interpolating the average phase vectors P<| 
and P2 obtained in the two consecutive pilot sections 
PS<| and PS 2 in Fig. 6. Phase vectors Si, S 2 ,... of indi- 
vidual information symbols can be obtained from the 
broken line and the positions of the respective informa- 
tion symbols with respect to the pilot symbols. The 
curve CV in this figure shows an example of the locus of 
the end points of actual phase vectors of respective 
symbols. Although the simplest first order interpolation 
is shown in Fig. 5, it is possible to apply the second 
order interpolation or Gaussian interpolation, the detail 
of which is described in, for example, S. Sampei et aL, 
"Rayleigh Fading Compensation for QAM in Land 
Mobile Radio Communications", IEEE Transactions on 
Vehicular Technology, VOL. 42. No. 2. MAY 1993. Thus, 
the information symbol phase error estimator 130 gen- 
erates a phase error estimation signal for individual 
information symbols, and provides them to the informa- 
tion symbol phase compensator 132. The information 
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symbol phase compensator 132 compensates the indi- 
vidual information symbols using the estimated phase 
errors. 

Returning to Figs. 2A, 2B, 3A and 3B, the informa- 
tion symbols compensated by the information symbol 
phase compensator 1 32 are fed to a decision block 140. 
The decision block 140 performs absolute coherent 
detection of the individual information symbols, and pro- 
duces its result from an output terminal 142 as a 
demodulated output and feeds ft to a decided code cor- 
rector 150. 

Next, the tracking system will be described. The 
digital despread signal fed to multipliers (correlators) 
201 and 202 are multiplied by spreading code replicas 
fed from the spreading code replica generator 300 to 
detect the correlations therebetween. In this case, the 
phases of the replicas fed to the multipliers 201 and 202 
differ from that of the spreading code replica of the 
demodulation system by +A and -A, respectively. The 
magnitude of A is usually set at Tc/2 where Tc is a chip 
period. The outputs of the multipliers 201 and 202 are 
fed to integration/dump circuits 203 and 204, which inte- 
grate the fed signals to remove high frequency noise 
components. The arrangement so far is the same as 
that of the conventional circuit in Fig. 1. 

The outputs of the integration/dump circuits 203 
and 204 are multiplied by the output of AFC 1 05 by mul- 
tipliers 205 and 206. This is for correcting the frequency 
drift included in the integration/dump circuit, thereby 
removing the residual carrier components. The output 
of the multipliers 205 and 206 are fed to multipliers 207 
and 208, each of which functions as a phase compen- 
sator of the pilot and information symbols that compen- 
sates for the phase errors of the pilot and information 
symbols caused by fading. Specifically, the multipliers 
207 and 208 multiply the outputs of the multipliers 205 
and 206 by the phase error estimation signal of the pilot 
symbols output from the pilot symbol phase error 
extracting/averaging block 120, thereby carrying out the 
phase error compensation of the pilot and information 
symbols due to fading. 

Only the I (or Q) components of the phase compen- 
sated signals are fed to an adder 210, and are added in 
opposite phases. This provides S-curve phase error 
detection characteristics needed for the tracking. The 
present invention is characterized in that it uses only 
one of the I and Q components, which differs from the 
conventional tracking apparatus taking the square sum 
of both the I and Q components by the square-law 
detection. The phase error signal e 1 output from the 
adder 210 is delayed by one subframe (= one pilot 
period) T B by a delay circuit 220 to be output as a phase 
error signal e 2 - The delay corresponds to the delay time 
of the information symbol delay circuit 110. 

The phase error signal e 2 thus obtained still 
includes the modulated components of the information 
data. The decided code corrector 150 is a circuit for 
removing these components. It multiplies the phase 
error signal 62 by the complex conjugate of the decided 



data output from the decision block 140 to eliminate the 
modulated components of the information data con- 
tained in the phase error signal e 2 . In this specification, 
this process is referred to as reverse modulation of the 
5 modulated components of the information data by the 
decided data. 

Fig. 6 is a diagram illustrating the timings for gener- 
ating the phase error signals for tracking. The phase 
error signal e-, output from the adder 210 is delayed by 
10 one pilot period T B by the delay circuit 220, and is fed to 
the decided code corrector 150 as the phase error sig- 
nal e 2 . The decided code corrector 150 multiplies the 
phase error signal e 2 by the decided output to remove 
the modulated component of the information data cen- 
ts tained in the signal e 2 , thereby outputting the phase 
error signal e 3 . The phase error signal e 3 is fed to a loop 
filter 260. The loop filter 260 averages the phase error 
signal e 3 over several symbols to eliminate the effect of 
noise, and provides the output to a voltage controlled 
20 clock generator 280. The VCCG 280 controls its oscilla- 
tion phase in accordance with the phase error signal, 
thereby controlling the phase of the spreading code rep- 
lica produced from the spreading code replica generator 
300. Incidentally, a spreading code replica generator 
25 305 in Fig. 2A corresponds to the VCCG 280 and the 
spreading code replica generator 300 of Figs. 3A and 
3B. 

Thus, the phase error correction of the spreading 
code replica is carried out on the basis of the phase 

30 error signal e-i which was detected one pilot period 
before. This is because the information data is delayed 
by one pilot period T B to compensate the phase of the 
information data symbols by interpolating the pair of 
pilot signals sandwiching the information data symbols. 

35 Rg. 7 is a vector diagram illustrating the reason why 
the noise power included in the phase error signal can 
be reduced in the tracking apparatus in accordance with 
the present invention. In this figure, the received signal 
vector V 1 is represented as the sum of the transmitted 

40 signal vector V 2 and the noise component vector V 3 . 
Since the conventional tracking apparatus as shown in 
Fig. 1 employs the square-law detection to remove the 
modulated components of the information data from the 
phase error signal, the noise component vector V 3 is 

45 squared, thereby resulting in an increase in the noise 
component vector. 

In contrast with this, since the present invention 
does not employ the square-law detection, but uses 
only the I component (or Q component) of the correia- 

so tion signal, that is, vector V 4 to eliminate the modulated 
components of the information data, the noise level can 
be reduced by 3dB in average. 

Figs. 8A - 8C are diagrams illustrating the generat- 
ing process and noise of the phase error signal in the 

55 conventional tracking apparatus as shown in Fig. 1. 
Figs. 9A and 9B are diagrams illustrating the generating 
process and noise of the phase error signal in the track- 
ing apparatus in accordance with the present invention. 
Figs. 8A and 8B are waveform charts illustrating the 
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outputs of the I and Q channels of the BPF 5 of Fig. 1, 
and Fig. 8C is a waveform chart illustrating the output of 
the square-law detector 7. The BPF 5 outputs the I- and 
Q-channei correlation signals for each symbol period. 
The square-law detector 7 outputs the square sum of 5 
these correlation signals as shown in Fig. 8C. The noise 
components associated with these signals are shown 
by shaded portions in Fig. 8C. A similar waveform is out- 
put from the square-law detector 8 f and the adder 10 
obtains the difference between the outputs of the 10 
square-law detectors 7 and 8. Accordingly, although the 
noise components are reduced because they are sub- 
tracted, their square difference remains. 

On the other hand, Figs. 9A and 9B illustrate the 
waveforms of the tracking apparatus in accordance with 15 
the present invention. Fig. 9A illustrates the l-channel 
output of the integration/dump circuit 203, and Fig. 9B 
illustrates the output 63 of the decided code corrector 
150. The residual noise contained in the phase error 
signal 63 is shown by the shaded portions in Fig. 9B. so 
The residual noise components are simple differences 
between the noise components included in the I compo- 
nents output from the multipliers 207 and 208. Accord- 
ingly, they are smaller than the conventional square 
differences. Thus, the noise is reduced, and high accu- 25 
racy tracking is achieved, which is the effect of the 
present invention. 



EMBODIMENT 2 



30 



Figs. 10A and 10B are block diagrams showing a 
second embodiment of the coherent tracking apparatus 
for the CDMA receiver in accordance with the present 
invention, and Figs. 11A and 11 B are block diagrams 
showing the detail of the same embodiment. 35 

The following is main differences of the present 
embodiment from the first embodiment as shown in 
Figs. 2A and 2B, and Figs. 3A and 3B. 

(1) Although the channels are prerequisite in which 40 
pilot signals are inserted at intervals into the infor- 
mation data in the first embodiment, a system is 
prerequisite which comprises a dedicated channel 

for continually transmitting pilot signals in the sec- 
ond embodiment so that the pilot signals are trans- 45 
mitted through the dedicated pilot channel and the 
information data are transmitted through traffic 
channels. In this case, the pilot signals and the 
information data are spread and transmitted using 
different spreading codes. so 

Fig. 12 illustrates a channel configuration of 
such a system. A common pilot channel is provided 
for N traffic channels. Each traffic channel can con- 
tinually transmit information data, and the phase of 
the information data is compensated by the esti- 55 
mated phase obtained from the common pilot chan- 
nel. 

(2) Since the dedicated pilot channel is provided in 
the second embodiment, a despreader dedicated 



for the pilot signal is provided in the receiver in con- 
nection with the pilot channel. 

The despreader comprises a correlator 401 
and an integration/dump circuit 403 in Fig. 10A and 
Fig. 11 A. The despread signal of the pilot signal 
output from the integration/dump circuit 403 is fed 
to a pilot symbol phase error extracting/estimating 
block 420, which estimates the phase error of the 
pilot signal. 

(3) A pilot channel spreading code replica genera- 
tor 310 for the pilot channel and a traffic channel 
spreading code replica generator 320 for traffic 
channels are provided. This corresponds to the fact 
that the pilot signal and the information data are 
spread by different spreading codes to be transmit- 
ted. The spreading code replica generators 310 
and 320 in Fig. 1 1 A are incorporated into a spread- 
ing code replica generator 330 in Fig. 10A. 

(4) Since the phase error signal is continually 
obtained from the pilot signal, it is not necessary for 
the phase error signal obtained from the pilot signal 
to be interpolated into the information data section. 
The phase error signal associated with each pilot 
symbol is used as the phase error compensation 
signal of the coincident information data. Accord- 
ingly, the information symbol delay circuit 1 10 and 
the information symbol phase error estimator 130 
become unnecessary. 

(5) Since the pilot signal is continually transmitted, 
compensators 207 and 208 of phase variations due 
to fading does not require the phase error signal of 
the information symbols in this embodiment, which 
differs from the phase compensators 207 and 208 
of the pibt and information symbols as shown in 
Fig. 2B. The phase variations due to fading can be 
continually compensated using only the phase error 
signal of the pilot symbols. 

(6) Accompanying the obviation of the information 
symbol delay circuit 1 10, the delay circuit 220 of the 
first embodiment is also eliminated. 

(7) The decided code corrector 150 is provided not 
with the data of the decision block 140, but with the 
l-component of each symbol of a reference pilot 
signal which is generated by the pilot signal gener- 
ator 123 in Fig. 4, and is fed through the pilot sym- 
bol phase error extracting/estimating block 420. 
Thus, the phase error signal output from the adder 
210 undergoes code correction by the reference 
pilot symbols. In other words, the tracking system of 
the embodiment carries out tracking using the pilot 
signal. 

(8) The pilot symbol phase error extracting/estimat- 
ing block 420 of the present embodiment does not 
necessitate the subframe coherent detector 122 
which is required by the pilot symbol phase error 
extracting/averaging block 120 of the first embodi- 
ment. This is because the identification is not nec- 
essary of the position of the pilot signal inserted 
into the information data since the pilot signal is 
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transmitted without interruption. 

According to such an arrangement, besides the 
advantages of the first embodiment, an advantage is 
gained that the information data is immediately com- 
pensated by the phase error signal of the corresponding 
pilot symbols without tedious processings such as inter- 
polation or delay, thereby achieving the absolute coher- 
ent detection of the compensated information data, 
since the phase error signal is continually obtained from 
the pilot symbols. 

EMBODIMENT 3 

Fig. 13A and 13B are block diagrams showing a 
third embodiment of the coherent tracking apparatus for 
the CDMA receiver in accordance with the present 
invention. This embodiment differs from the second 
embodiment as shown in Figs. 10A and 10B in that the 
compensator 207 of phase variations due to fading is 
connected to the output of the decided code corrector 
150. Although this reverses the order of the compensa- 
tion of the phase variations due to the fading and the 
removal of the modulated components of the pilot signal 
as that of the second embodiment, it can achieve the 
effect and advantage similar to those of the second 
embodiment. 

EMBODIMENT 4 

Figs. 14A and 14B are block diagrams showing a 
fourth embodiment of the coherent tracking apparatus 
for the CDMA receiver in accordance with the present 
invention. This embodiment, which enlarges the capture 
range of the tracking system, differs from the first 
embodiment mainly in the following: 

(1) This embodiment is provided with (2N+1) corre- 
lators 500k where k = -N - +N , and corresponding 
(2N+1) integrators 510k for integrating the outputs 
of the correlators 500k, respectively. 

(2) In accordance with this, the spreading code rep 1 
lica generator 305 generates (2N+1) spreading 
code replicas with their phases each shifted by A 
and feeds them to the correlators 500k. Here, A is 
usually set at Tc/2, where Tc is the chip period. 

(3) A correlation signal holding/selecting block 520 
is newly provided, to which the outputs of the entire 
integration/dump circuits 510k are fed. The correla- 
tion signal holding/selecting block 520 compares 
the respective outputs of the integration/dump cir- 
cuits 510k with a predetermined reference, selects 
a despread signal despread by a demodulation 
spreading code replica inphase with the spreading 
code in the received signal, and supplies the 
selected one to the information symbol delay circuit 
110 and the pilot symbol phase error extract- 
ing/averaging block 120. Furthermore, it selects 
correlations between the received signal and a pair 



of spreading code replicas for tracking, and sup- 
plies them to the multipliers 207 and 208. The out- 
puts of the correlation signal holding/selecting block 
520 is performed for each symbol. In this case, the 
s outputs to the multipliers 207 and 208 are provided 
with a delay of one pilot period T B . Accordingly, the 
delay circuit 220 of Figs. 2A and 2B become unnec- 
essary. 

(4) A phase error signal averaging block 260 of 

w spreading code replica controls the phase of the 
spreading code replica to be advanced or retarded 
by A on the basis of the phase error signal e 3 fed 
from the decided code corrector 150. More specifi- 
cally, taking account of (Np+ Ns) phase error signals 

75 e3 fed during the pilot period T B where Np is the 
number of the pilot symbols and Ns is the number 
of the information data symbols, if the number of 
the phase error signals e3 showing phase advance 
is equal to or greater than a reference number 

20 determined in advance, the phase of the spreading 
code replica is advanced by A, whereas the number 
of the phase error signals e 3 showing phase retar- 
dation is equal to or greater than the reference 
number, the phase of the spreading code replica is 

25 lagged by A 

Figs. 15 and 16 are diagrams illustrating a method 
for generating the phase error signal of the spreading 
code replica. The following two jnethods are used as the 
30 method for generating the phase error signal. 

(1) A fixed averaging method 

It is a method for generating the phase error 
signal while fixing the phase of the spreading code 
35 replica during each pilot period. 

(2) A floating averaging method 

It is a method for shifting the phase of the 
spreading code replica when the number of phase 
error signals with their phase advanced or retarded 
40 exceeds the reference value among L symbols con- 
sisting of the current symbol and its preceding sym- 
bols. Thus, a demand for the shift of the spreading 
code replica is checked for each symbol regardless 
of the pilot symbol or the information symbol. 

45 

Fig. 15 is a diagram illustrating the fixed averaging 
method when the number of the correlators of Fig. 14A 
is 5, that is, when N=2. In Fig. 15, the axis of abscissas 
represents time and the axis of ordinates represents the 

so absolute phase of the spreading code replica. In Fig. 1 5, 
during one pilot period from time t t at which a first pilot 
signal has been received to time t 2 at which a second 
pilot signal has been received, a spreading code replica 
C 13 is used as the demodulation spreading code rep- 

55 lica, and a pair of replicas Ci 2 and C 14 with their phases 
shifted by ±A from the phase of the replica C 13 are used 
as the tracking spreading code replicas. When a com- 
mand to shift the phase of the spreading code replica by 
-A is fed from the phase error signal averaging block 260 
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of spreading code replica to the spreading code replica 
generator 305 and the correlation signal holding/select- 
ing block 520, the spreading code replica with its phase 
shifted by -A is adopted during the next pilot period t 2 - 
t 3 . That is, a spreading code replica C23 is used as the 
'demodulation spreading code replica, and spreading 
code replicas and C 24 are used as the tracking 
spreading code replica. Here, C 23 = C 14 , C 22 = C 13 , 
and C 24 = C 15 . 

Fig. 16 is a diagram illustrating the floating averag- 
ing method, wherein the number of the correlators of 
Fig. 14A is 5, that is when N=2. In Fig. 16, the axis of 
abscissas represents time and the axis of ordinates rep- 
resents the absolute phase of the spreading code rep- 
lica. Here, L = Np + Ns . More specifically, the phase 
error signal averaging block 260 of spreading code rep- 
lica handles the phase error signals e 3 of Np pilot sym- 
bols and Ns information data symbols from the current 
symbol to one pilot period preceding symbol, and com- 
mands the phase shift when the number of the phase 
error signals 63 indicating the advance or lag exceeds a 
threshold value. 

In Fig. 16, the data decision is carried out one pilot 
period TB after the correlation detection. For example, 
the correlation detection is performed with the spread- 
ing code replica S 25 at time t* and the data decision is 
performed on the symbol which is despread with the 
spreading code replica S 15 at one pilot period before. 
Since the correction (reverse modulation) of the phase 
error signal e 2 by the decided code corrector 150 uses 
the decision data, it is also carried out with the symbol 
which is despread with the spreading code replica S 15 
at one pilot period before the correlation detection. 

Assuming that the symbol despread with the 
spreading code replica S 15 at time t 2 is decided at time 
t 4 , and that a command is issued to shift the spreading 
code replica by -A on the basis of the phase error signal 
e 3 which has been corrected by the decision result, the 
phase of the spreading code replica is shifted by -A as 
shown by S24 - S25. As a result, the data decision one 
pilot period after time t4 is performed on the symbol 
which is despread with the spreading code replica S25. 

In this embodiment if it is expected that the phase 
shift of the spreading code replica occurs X times during 
preceding L symbols, the phase shift of the spreading 
code replica is carried out by generating the total of 
{2(X+1)+1}X correlation values by using the spreading 
code replica inphase with the received spreading code 
and the spreading code replicas having phase differ- 
ences of ±(X+1)A from the inphase replica. The correla- 
tion signal holding/selecting block 520 holds these 
correlation values. The total number L of the observed 
symbols depends on the variation rate of the delay pro- 
file of propagation. High rate delay profile will require to 
set the value L at a smaller value because it is neces- 
sary to follow the variations in a short time. Generally, 
the number L is set at a small value to limit the number 
of phase shifts of the spreading code replica to a few 
times during the observed symbols L Accordingly, the 



circuit dimension becomes modest. 
EMBODIMENTS 

5 Figs. 17A and 17B are block diagrams showing a 
fifth embodiment of the coherent tracking apparatus of 
the CDMA receiver in accordance with the present 
invention. This embodiment differs from the fourth 
embodiment as shown in Figs. 14A and 14B in that the 

10 compensator 207 of the phase variations due to fading 
is connected to the output side of the decided code cor- 
rector 150. Although this will reverse the order of the 
compensation of the phase variations due to fading and 
the removal of the modulated components of the pilot 

is signal to that of the fourth embodiment, this embodi- 
ment can achieve the effect and advantage similar to 
those of the fourth embodiment. 



Claims 

so 

1 . A coherent tracking apparatus for a CDMA receiver 
for use in a CDMA system that performs multiple 
access transmission by transmitting and receiving a 
spread signal, said spread signal being generated 

25 by spreading a pilot signal of a known pattern and 
an information data signal into a wideband signal 
with a spreading code whose rate is higher than a 
rate of an information symbol, said pilot signal and 
said information data signal being alternated at a 

30 fixed pilot period, said coherent tracking apparatus 
characterized by comprising: 

demodulation spreading code replica generat- 
ing means for generating a demodulation 

35 spreading code replica inphase with a spread- 

ing code in a received spread signal; 
tracking spreading code replica generating 
means for generating at least a pair of tracking 
spreading code replicas whose phases are 

40 equal to a phase of said demodulation spread- 

ing code replica plus and minus a predeter- 
mined value, respectively; 
demodulation correlator means for detecting 
correlation between said received spread sig- 

45 nal and said demodulation spreading code rep- 

lica; 

phase error detection means for extracting said 
pilot signal from an output of said demodulation 
correlator means, and for detecting phase 

so errors of said pilot signal; 

first delay means for delaying by at least said 
pilot period said information data signal in the 
output of said demodulation correlator means; 
first phase compensator for compensating 

55 each symbol of said information data signal 

output from said first delay means by interpo- 
lating said phase errors of said pilot signal into 
a section of said information data signal; 
demodulation means for demodulating each 
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symbol of said information data signal by 
deciding an output of said first phase compen- 
sator; 

at least a pair of tracking correlator means lor 
detecting correlation between said received s 
spread signal and said tracking spreading code 
replicas; 

an adder for adding outputs of said tracking 
correlator means in opposite phases to pro- 
duce a first phase error signal; 10 
second delay means connected to one of an 
output of said tracking correlator means and an 
output of said adder for delaying said first 
phase error signal by at least said pilot period; 
reverse modulation means for reversely modu- is 
lating said first phase error signal with an out- 
put of said demodulation means to remove 
modulated components of said information 
data signal, which are included in said first 
phase error signal, thereby producing a second 20 
phase error signal; and 

control means for controlling said demodula- 
tion spreading code replica generating means 
and said tracking spreading code replica gen- 
erating means with said second phase error 25 
^ signal. 

2. The coherent tracking apparatus for the CDMA 
receiver as claimed in claim 1 , further characterized 

by comprising a second phase compensator con- 30 
nected between said tracking correlator means and 
said adder, characterized in that said adder adds 
outputs of said second phase compensator in 
opposite phases. 

35 

3. The coherent tracking apparatus for the CDMA 
receiver as claimed in claim 1 , further characterized 
by comprising a second phase compensator con- 
nected between said reverse modulation means 
and said control means. *o 



by said demodulation spreading code replica, and 
an integration/dump circuit for integrating an output 
of said multiplier for one symbol period, and charac- 
terized in that said tracking correlator means com- 
prises a multiplier for multiplying said received 
spread signal by said tracking spreading code rep- 
lica, and an integration/dump circuit for integrating 
an output of said multiplier for one symbol period. 

7. The coherent tracking apparatus for the CDMA 
receiver as claimed in claim 1 , characterized in that 
said tracking spreading code replica generating 
means generates a plurality of tracking spreading 
code replicas whose phases are shifted by ±KA 
from the phase of said demodulation spreading 
code replica, where A is a predetermined value and 
K = 1 , 2, ... N, and characterized in that said coher- 
ent tracking apparatus further characterized by 
comprising: 

selection means for selecting two correlation 
values from an output of said tracking correla- 
tor means to supply said adder with said two 
correlation values, said two correlation values 
being taken between said received spread sig- 
nal and a pair of tracking spreading code repli- 
cas whose phases differ from the phase of said 
demodulation spreading code replica by ±A. 

8. The coherent tracking apparatus for the CDMA 
receiver as claimed in claim 7, characterized in that 
said controlling means generates a third phase 
error signal by averaging said second phase error 
signal, and commands said pilot spreading code 
replica generating means and said information data 
spreading code replica generating means to shift 
phases of said pilot spreading code replica and said 
information data spreading code replica when said 
phase error signal exceeds a predetermined 
threshold value. 



4. The coherent tracking apparatus for the CDMA 
receiver as claimed in claim 1, characterized in that 
said demodulation spreading code replica generat- 
ing means and said tracking spreading code replica 45 
generating means comprise a common voltage 
controlled clock generator. 

5. The coherent tracking apparatus for the CDMA 
receiver as claimed in claim 4, characterized in that so 
said control means comprises a loop filter for sup- 
plying said voltage controlled clock generator with a 
control voltage based on said second phase error 
signal. 

55 

6. The coherent tracking apparatus for the CDMA 
receiver as claimed in claim 1 , characterized in that 
said demodulation correlator means comprises a 
multiplier for multiplying said received spread signal 



9. The coherent tracking apparatus for the CDMA 
receiver as claimed in claim 8, characterized in that 
said selection means shifts selection of said 
demodulation spreading code replica and said 
tracking spreading code replicas in response to a 
command of said controlling means when said con- 
trolling means commands a shift of said phases. 

10. A coherent tracking apparatus for a CDMA receiver 
for use in a CDMA system that performs multiple 
access transmission by transmitting and receiving a 
pilot spread signal through a pilot channel, and 
information data spread signal through traffic chan- 
nels, said pilot spread signal being generated by 
spreading a pilot signal of a known pattern into a 
wideband signal with a pilot spreading code whose 
rate is higher than a rate of an information symbol, 
said information data spread signal being gener- 
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ated by spreading an information data signal into a 
wideband signal with an information data spreading 
code different from said pilot spreading code, said 
coherent tracking apparatus characterized by com- 
prising: 5 

pilot spreading code replica generating means 
for generating a pilot spreading code replica 
inphase with a pilot spreading code in said pilot 
spread signal; 10 
information data spreading code replica gener- 
ating means for generating an information data 
spreading code replica inphase with an infor- 
mation data spreading code in said information 
data spread signal; . is 

tracking spreading code replica generating 
means for generating a pair of tracking spread- 
ing code replicas whose phases are equal to a 
phase of said pilot spreading code replica plus 
and minus a predetermined value A, respec- 20 
tively; 

pilot correlator means for detecting correlation 
between said pilot spread signal and said pilot 
spreading code replica; 

phase error detection means for detecting 25 
phase errors of said pilot signal from an output 
of said pilot correlator means; 
information data correlator means for detecting 
correlation between said information data 
spread signal and said information data 30 
spreading code replica; 
first phase compensator for compensating indi- 
vidual symbols of said information data signal 
output from said information data correlator 
means by said phase errors of said pilot signal, 35 
said phase errors corresponding to said indi- 
vidual symbols of said information data signal; 
demodulation means for demodulating each 
symbol of said information data signal by 
deciding an output of said first phase compen- 40 
sator; 

a pair of tracking correlator means for detecting 
correlation between said pilot spread signal 
and said tracking spreading code replicas; 
an adder for adding outputs of said tracking 45 
correlator means in opposite phases to pro- 
duce a first phase error signal; 
reverse modulation means for reversely modu- 
lating said first phase error signal with an out- 
put of said demodulation means to remove so 
modulated components of said information 
data signal, which are included in said first 
phase error signal, thereby producing a second 
phase error signal; and 

control means for controlling said pilot spread- 55 
ing code replica generating means, said infor- 
mation data spreading code replica generating 
means and said tracking spreading code rep- 
lica generating means with said second phase 



error signal. 

11. The coherent tracking apparatus for the CDMA 
receiver as claimed in claim 10, further character- 
ized by comprising a second phase compensator 
connected between said tracking correlator means 
and said adder, characterized in that said adder 
adds outputs of said second phase compensator in 
opposite phases. 

12. Trie coherent tracking apparatus for the CDMA 
receiver as claimed in claim 10, further character- 
ized by comprising a second phase compensator 
connected between said reverse modulation means 
and said control means. 

13. The coherent tracking apparatus for the CDMA 
receiver as claimed in claim 10, characterized in 
that said pilot spreading code replica generating 
means, said demodulation spreading code replica 
generating means and said tracking spreading 
code replica generating means comprise a com- 
mon voltage controlled clock generator. 

14. The coherent tracking apparatus for the CDMA 
receiver as claimed in claim 13, characterized in 
that said control means comprises a loop filter for 
supplying said voltage controlled clock generator 
with a control voltage based on said second phase 
error signal. 

15. The coherent tracking apparatus for the CDMA 
receiver as claimed in claim 10, characterized in 
that said pilot correlator comprises a multiplier for 
multiplying said received spread signal by said pilot 
spreading code replica, and an integration/dump 
circuit for integrating an output of said multiplier for 
one symbol period, characterized in that said 
demodulation correlator means comprises a multi- 
plier for multiplying said received spread signal by 
said demodulation spreading code replica, and an 
integration/dump circuit for integrating an output of 
said multiplier for one symbol period, and charac- 
terized in that said tracking correlator means com- 
prises a multiplier for multiplying said received 
spread signal by said tracking spreading code rep- 
lica, and an integration/dump circuit for integrating 
an output of said multiplier for one symbol period. 

1 6. A coherent tracking method for a CDMA receiver for 
use in a CDMA system that performs multiple 
access transmission by transmitting and receiving a 
spread signal, said spread signal being generated 
by spreading a pilot signal of a known pattern and 
an information data signal into a wideband signal 
with a spreading code whose rate is higher than a 
rate of an information symbol, said pilot signal and 
said information data signal being alternated at a 
fixed pilot period, said coherent tracking method 
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characterized by comprising: 

demodulation spreading code replica generat- 
ing step of generating a demodulation spread- 
ing code replica inphase with a spreading code s 
in a received spread signal; 
tracking spreading code replica generating 
step of generating at least a pair of tracking 
spreading code replicas whose phases are 
equal to a phase of said demodulation spread- w 
ing code replica plus and minus a predeter- 
mined value, respectively; 
demodulation correlation step of detecting cor- 
relation between said received spread signal 
and said demodulation spreading code replica; 15 
phase error detection step of extracting said 
pilot signal from an output of said demodulation 
correlation step, and for detecting phase errors 
of said pilot signal; 

first delay step of delaying by at least said pilot so 
period said information data signal in the out- 
put of said demodulation correlator step; 
first phase compensation step of compensating 
each symbol of said information data signal 
output at said first delay step by interpolating ss 
said phase errors of said pilot signal into a sec- 
tion of said information data signal; 
demodulation step of demodulating each sym- 
bol of said information data signal by deciding 
an output of said first phase compensation 30 
steplracking correlation step of detecting cor- 
relation between said received spread signal 
and said tracking spreading code replicas; 
adding step of adding outputs of said tracking 
correlator step in opposite phases to produce a 35 
first phase error signal; 

second delay step of delaying said first phase 
error signal by at least said pilot period; 
reverse modulation step of reversely modulat- 
ing said first phase error signal with an output 40 
of said demodulation step to remove modu- 
lated components of said information data sig- 
nal, which are included in said first phase error 
signal, thereby producing a second phase error 
signal; and 45 
control step of controlling said demodulation 
spreading code replica generating step and 
said tracking spreading code replica generat- 
ing step with said second phase error signal. 

so 

17. The coherent tracking method for the CDMA 
receiver as claimed in claim 16. characterized in 
that said tracking spreading code replica generat- 
ing step generates a plurality of tracking spreading 
code replicas whose phases are shifted by ±KA 55 
from the phase of said demodulation spreading 
code replica, where A is a predetermined value and 
K = 1, 2, ... N, and said coherent tracking method 
further characterized by comprising: 
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selection step of selecting two correlation val- 
ues from an output of said tracking correlation 
step to supply said adding step with said two 
correlation values, said two correlation values 
being taken between said received spread sig- 
nal and a pair of tracking spreading code repli- 
cas whose phases differ from the phase of said 
demodulation spreading code replica by ±A 

18. A coherent tracking method for a CDMA receiver for 
use in a CDMA system that performs multiple 
access transmission by transmitting and receiving a 
pilot spread signal through a pilot channel, and 
information data spread signal through traffic chan- 
nels, said pilot spread signal being generated by 
spreading a pilot signal of a known pattern into a 
wideband signal with a pilot spreading code whose 
rate is higher than a rate of an information symbol, 
said information data spread signal being gener- 
ated by spreading an information data signal into a 
wideband signal with an information data spreading 
code different from said pilot spreading code, said 
coherent tracking method characterized by com- 
prising: 

pilot spreading code replica generating step of 
generating a pilot spreading code replica 
inphase with a pilot spreading code in said pilot 
spread signal; 

information data spreading code replica gener- 
ating step of generating an information data 
spreading code replica inphase with an infor- 
mation data spreading code in said information 
data spread signal; 

tracking spreading code replica generating 
step of generating a pair of tracking spreading 
code replicas whose phases are equal to a 
phase of said pilot spreading code replica plus 
and minus a predetermined value A, respec- 
tively; 

pilot correlation step of detecting correlation 
between said pilot spread signal and said pilot 
spreading code replica; 
phase error detection step of detecting phase 
errors of said pilot signal from an output of said 
pilot correlation step; 

information data correlation step of detecting 
correlation between said information data 
spread signal and said information data 
spreading code replica; 

first phase compensation step of compensating 
individual symbols of said information data sig- 
nal output from said information data correla- 
tion step by said phase errors of said pilot 
signal, said phase errors corresponding to said 
individual symbols of said information data sig- 
nal; 

demodulation step of demodulating each sym- 
bol of said information data signal by deciding 
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an output of said first phase compensation 
stepjrackihg correlator steps of detecting cor- 
relation between said pilot spread signal and 
said tracking spreading code replicas; 
adding step of adding outputs of said tracking s 
correlator step in opposite phases to produce a 
first phase error signal ; 
reverse modulation step of reversely modulat- 
ing said first phase error signal with an output 
of said demodulation step to remove modu- io 
lated components of said information data sig- 
nal, which are included in said first phase error 
signal, thereby producing a second phase error 
signal; and 

control step of controlling said pilot spreading 75 
code replica generating step, said information 
data spreading code replica generating step 
and said tracking spreading code replica gen- 
erating step with said second phase error sig- 
nal, so 
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